Purpose Taste and smell alterations (TSAs) in patients with lung cancer are poorly understood. This study investigates characteristics of TSAs when most severe, reported by patients after starting treatment for lung cancer. Methods Data was collected regarding TSAs, symptoms, food intake and nutritional status through structured interviews using the Taste and Smell Survey, the Patient-Generated Subjective Global Assessment and 3-day food diaries. This data derives from a longitudinal project and the interview with each patient when TSAs were most severe was purposefully selected for analysis. Results Sixty-one of the 89 patients reported TSAs, and the TSAs group were on average younger and more frequently smokers. Thirty-one patients reported symptoms impacting negatively on food intake, with 87 % in the TSAs group and 13 % in the no-TSAs group. Most commonly reported were loss of appetite, nausea and early satiety. Gender differences were seen with more women reporting stronger sensation(s) and more men reporting weaker sensation(s) and other changes. TSAs were described as affecting enjoyment of food and eating. A trend was seen where energy intakes declined with increasing TSAs. Energy intakes in the total study population were below recommended. Conclusion TSAs varied in characteristics and interacted with other symptoms. Gender differences may highlight a need to investigate approaches for identification and management of TSAs in men and women. Patients reported TSAs impacting on food enjoyment, and the hypothesis that patients with higher TSS scores have lower nutritional intakes should be followed up with a larger study in the lung cancer population.
Introduction
Enjoyment of food comes from the sight, smell, taste and social context of a meal. Together with the texture and temperature of food, taste and smell form the sensory concept of flavour [1] . When taste and smell functions are altered, food preferences may change and food aversions develop which may significantly reduce the pleasure of eating [2] .
Taste and smell alterations (TSAs) have been found to be common and distressing symptoms in patients with cancer during chemotherapy [3, 4] , radiotherapy [5] and in advanced stages of cancer [6, 7] . The capacity to perceive taste sensations is known to influence food choices [8] , and TSAs have been associated with decreased nutrient intake and greater weight loss in patients with advanced cancer [6, 7] .
Taste detection and recognition thresholds of basic tastes (salt, sweet, sour and bitter) have been measured in patients with cancer using clinical [9] and electrical tests [10] . Smell changes in the absence of taste changes have been less well studied [11] . However, the complexities of taste and smell perception and interaction with food intake and food enjoyment cannot be determined by clinical measurements of taste and smell thresholds [6] . Global questions on general symptom questionnaires have been used to study self-reported TSAs in cancer [12] but do not investigate characteristics of such changes. A more extensive questionnaire, the Taste and Smell Survey (TSS) [13] , has been used by a Canadian research group to investigate characteristics of self-reported TSAs in patients with advanced cancer [6, 7, 14] and has been recently translated into Swedish [15] .
Although lung cancer is the most common cancer in the world and the fourth most common cancer among men and women in Sweden [16] , little is known about the characteristics of TSAs experienced in this patient group or relation of TSAs to other symptoms and nutritional intake and status. Treatment options for lung cancer depend on type and stage of disease and patients' general health [17] and include surgery, chemotherapy, radiotherapy, target therapy or combinations of these. Many patients present in advanced disease stages and report clusters of symptoms including altered taste sensation, which continue during the course of the disease [18] .
Although common and distressing symptoms in patients with cancer, TSAs are reportedly not given the same attention as other symptoms in the clinical cancer care setting with healthcare staff citing lack of evidencebased guidelines for detection and management of TSAs as an explanation [19] . A deeper understanding of TSAs in patients with lung cancer may therefore facilitate development of evidence-based guidelines for identification and management of TSAs.
The primary aims of this study were therefore to investigate (1) the characteristics of TSAs when most severe as reported by patients after start of treatment for lung cancer, (2) how TSAs relate to symptoms and nutritional intake and status and (3) how patients describe their TSAs. In order to obtain a rich data set, we selected the time point for each patient after the start of treatment when reported TSAs were most severe thus framing the data in relation to degree of TSAs. We also first explore if and how patients reporting and not reporting TSAs differ.
Methods

Study design and procedure
Data derives from the longitudinal Taste and Smell project which investigates TSAs in patients with lung or gastrointestinal cancer. Approval was received from the Regional Research Ethical Review Board in Stockholm, Sweden, prior to starting the project. Patients with suspected primary lung cancer or diagnosed with gastrointestinal cancer were recruited consecutively over 18 months (2011-2012) from a university hospital. Swedish-speaking patients ≥18 years living in Stockholm were eligible for inclusion if cognitively able to complete interviews and never diagnosed with head/neck cancer, which is known to be strongly associated with TSAs. Patients treated for or diagnosed with another cancer within the previous 6 months were excluded. Data were obtained from structured face-to-face interviews using four questionnaires. Interviews were held at a location chosen by the patient, often in their homes or at the hospital. Patients received information about the project and gave informed consent on recruitment. The interviewer read the questions from the questionnaires and documented patients' verbal responses using direct quotes in open items where possible. Detailed field notes were written after each interview. The first interview was held close to diagnosis and prior to the initiation of cancer treatment (T1), followed by three interviews at 2-month intervals (T2, T3, T4).
In this study, data from patients who had started treatment for primary lung cancer were analysed regarding TSAs, demographic factors, nutritional status and intake and symptom burden. Data were derived using the instruments described below.
Data collection measures
Characteristics of TSAs were investigated using the Taste and Smell Survey (TSS) [13] , translated into Swedish for use in the Taste and Smell project [15] . The TSS is a 16-item questionnaire which allows patients to self-report TSAs and describe experiences of TSAs and impact on food choices. Patients were asked at each interview to compare present taste and smell sensations on how they were before initiation of the diagnostic process for lung cancer. Responses to six items asking patients to report presence or absence of TSAs and changes in sensation of basic tastes and smell were used to dichotomise patients into the groups 'TSAs' and 'no-TSAs'. Patients were categorised in the TSAs group if they (1) responded positively to any of the four items with yes/no responses regarding taste or smell changes or (2) indicated a change in intensity of any of the sensations of salt, sweet, sour and bitter tastes and sense of smell. Four of these items have follow-up open-ended questions where patients can elaborate further on their TSAs. Descriptions of TSAs and reported changes in sensation were used to investigate characteristics.
Responses from the TSS can also be used to generate a score from 0-16 [13] . To investigate nutritional intake in relation to TSS scores we utilised a different stratification method based on TSS scores: 0-4=no to mild TSAs, 5-9 = moderate TSAs and 10 = 16 = severe TSAs.
Patients received a food diary at each interview with information about how to record food and beverage intake in detail over 3 days close to interview date including time of consumption and amounts consumed using standard measures supplied at T1. Completed food diaries were collected by interviewers or returned by post and ambiguities in records discussed with the patient where possible. Each patient's food intakes were calculated from food diaries by one of two dietitians using the software program Dietist XP developed by 'Kost och Näringsdata' which builds on the food database of the Swedish National Food Agency. A reference table [20] was used to estimate serving sizes and weight of food portions, and a detailed audit trail was kept regarding calculations. Average daily energy and protein intakes were calculated per kilogram using body weight measured at interview. Patients were also asked if they prepared their own meals.
Responses given in box 3 of the Swedish version of the scored Patient-Generated Subjective Global Assessment (PG-SGA) [21, 22] were used to assess if any of the 12 symptoms had impacted on patients' food intake over the previous 2 weeks. In the interview, patients were also asked to self-report current weight and recall their weight 6 months prior to the interview. Patients were also weighed using calibrated weighing scales.
Information about patients' diagnosis and treatment were obtained from medical records with patients' informed consent. Patients were asked about their smoking habits which were categorised as non-smoker (includes occasional smokers), smokers, and former smokers (not smoked in >1 year) [23] .
Data analysis
As our aim was to obtain maximum data about characteristics of TSAs and their relationship to food intake, we purposefully chose data from the interview after the start of treatment with the highest TSS scores and with corresponding food diary for the TSAs group. For the no-TSAs group, the first interview after the start of the treatment with corresponding food diary was selected. Table 1 shows how long after the start of the treatment the chosen interviews were for each group.
Descriptive statistics were used to describe the patient population. Statistical analyses were performed using as appropriate t test, chi-square test and Fisher's exact test for comparisons of TSAs and no-TSAs groups regarding age, gender, smoking and symptoms. All tests were two-tailed and significance value was set at ≤0.05. The IBM-SPSS Statistics program version 20 was used.
Patients' responses to open-ended questions were analysed inductively using content analysis [24] . Each response was divided into meaning units based on words and phrases relating to characteristics of TSAs which were then grouped into six categories. To ensure reliability, three independent coders categorised random lists of meaning units with the final average Cohen's Kappa for inter-rater agreement of all six categories being 0.89 (range 0.79-0.92).
Results
Description of study sample
We first describe patients reporting TSAs (TSAs group) and those not reporting TSAs (no-TSAs group) to explore if and how these groups differ regarding demographics, disease type and stage, and treatment modality (Table 1 ). In the sample of 89 patients, 61 reported TSAs in the interviews after starting treatment for lung cancer. Statistically significant differences between TSAs and no-TSAs groups were seen with the TSAs group being on average younger and more frequently smokers than nonsmokers or former smokers. There were no significant differences between the TSAs and the no-TSAs groups in relation to gender, type of lung cancer, stage of disease, treatment ongoing at time of interview and type of treatment before interview.
Completed food diaries were received from 64 of the 89 patients (72 %) with a higher response frequency (82 %) from the no-TSAs than the TSAs group (67 %), although this difference was not statistically significant. Despite the small sample size precluding our ability to draw firm conclusions, we explored the relationship between energy and protein intakes in relation to TSS scores and found a trend where intakes declined with increasing scores. Average energy intake for all 64 patients who completed food diaries was 26 kcal/kg/day and average protein intake 1.0 g/kg/day. Weights were reported by 88 of the 89 patients and indicated an average weight loss of 4 % during the 6 months prior to interview (Table 2 ). An average 6-month weight loss of 6 % was reported by patients reporting both TSAs and loss of appetite (n=18) (data not shown). In the full sample of 89 patients, 80 % of women and 30 % of men reported that they were responsible for or took some role in preparing their meals with no significant difference between TSAs and no-TSAs groups (data not shown).
Thirty-one of the 89 study patients reported one or more symptoms impacting negatively on food intake using the scored PG-SGA, with 87 % of these in the TSAs group and 13 % in the no-TSAs group. Symptoms most commonly reported were loss of appetite, nausea and early satiety. There was a statistically significant difference between numbers reporting loss of appetite with TSAs compared with no-TSAs, although no statistically significant differences were found regarding nausea and early satiety with TSAs compared with no-TSAs ( Table 3) .
Characteristics of TSAs
Based on responses to TSS, the 61 patients reporting TSAs were classified into four groups, with three groups regarding reported changes in intensity of sensations of salt, sweet, sour and bitter tastes and sense of smell as follows: (1) stronger sensation, (2) weaker sensation (includes cannot perceive tastes or smell), (3) mixed sensation changes (some tastes or smell stronger and some weaker) and a final group reporting other TSAs with no changes in sensation intensity (see Table 4 for examples). All patients also described and exemplified their TSAs in response to the open-ended questions.
Statistically significant gender differences were seen in TSAs with more women reporting stronger sensation(s) and more men reporting weaker sensation(s) and other TSAs (Fig. 1a) . There was no statistically significant relationship between changes in sensation and age, smoking or symptoms (data not shown) or between gender and age or smoking habits.
Reported changes in sensation of each of the four individual basic tastes and smell were further analysed in relation to gender. Differences were seen, in particular with a greater proportion of women reporting TSAs experiencing stronger compared to weaker sour and bitter tastes as well as sense of smell (Fig. 1b) and a greater proportion of men reporting TSAs experiencing all tastes as weaker compared to stronger. There was a statistically significant difference by gender with more women reporting stronger smell sensation.
Content analysis of responses to open-ended questions provided more in-depth information about patients' descriptions of TSAs. All the patients in the TSAs group responded to openended questions by describing their TSAs. Patient responses were read thoroughly, and meaning units, that is discrete words or phrases used by patients to relate key thoughts or concepts in their descriptions of TSAs, were highlighted. The responses generated 216 meaning units which were then grouped into the six categories shown in Table 4 .
The largest number of meaning units related to reduced liking of foods and reduced enjoyment of eating, with some patients expressing revulsion at particular foods. It was not possible to distinguish patterns in foods reported to work well. Other symptoms were often described in relation to TSAs. When asked to describe taste changes, a number of patients also talked about loss of appetite, early satiety or nausea, whilst when asked to describe smell changes, nausea was mentioned. Patients reported changes in sensation of food, cooking and chemical smells. Women generally tended to contribute more meaning units than men. TSAs taste and smell alterations, PG-SGA patient-generated subjective global assessment *p value≤0.05 Describes changes in sense of smell (both increased and decreased sensitivity) 'Feel nauseous from the smell of food frying nearby' 'For a period everything smelt of chemotherapy' 'I smell a musty odour at home that my husband does not' 'I can feel nauseous of a smell that I am used to' 'Could not tolerate the smell of perfume, fried food, deodorant' 'Eat meat but it smells awful when its being cooked' 'Very sensitive for the smell of after-shave and perfume, feel nauseous' 49 13 (27) 36 (73) no. number, TSAs taste and smell alterations 
Discussion
In this study, we sampled the time point when TSS scores were highest and food diary completed for each person after start of treatment. Treatment trajectories were different depending on the patients' stage of disease and type of lung cancer. Patients in the TSAs group were younger and more patients reported being smokers. Statistically significant differences were seen in characteristics of TSAs reported by men and women regarding changes in sensation of basic tastes and smell. Loss of appetite, early satiety and nausea were more often reported as interfering with eating by patients reporting TSAs and were also described in relation to TSAs in openended questions suggesting inter-relationships between these symptoms. Women contributed proportionally more meaning units than men when describing their TSAs in open-ended questions. More women than men in both the TSAs and noTSAs groups described being responsible for or involved in the preparation of their meals. Reduced food enjoyment was frequently reported in relation to TSAs. Intakes of energy and protein were sub-optimal for those patients who completed food diaries and tended to decrease with increased TSS scores.
There is a wide variation in time span from the start of treatment to the interview in the TSAs group. As we selected the interview when TSAs were most pronounced during the study period, this may reflect the tendency for it to take time before TSAs reached a peak in our sample. A previous study has reported onset of TSAs at up to 10 weeks after start of chemotherapy [25] . Another factor may be lack of an earlier interview that was fully complete.
Reasons for gender differences in our results regarding changes in sensation and descriptions of TSAs are unclear, but possibilities include physiological differences in taste and smell perception or differences in men's and women's relationship to food, its preparation and eating. Other possible explanations could be how men and women interpret and prioritise TSAs or even gender differences in ability or readiness to talk about their perceptions of TSAs. Many patients in this study belong to a generation where socially constructed gender roles involve preparation of food as a traditionally female role. Studies of elderly men in the USA have reported that men describe themselves as lacking skills in meal planning and cooking as their wives were or had been responsible for meals, and describe eating as a means of staying alive and keeping the body strong rather than as a pleasure [26, 27] . In a study in Oslo, men of working age described food and eating habits as not being a special focus for them and therefore not reflected upon [28] .
Reported gender differences in food choice in the USA and Sweden indicate that women are more likely to eat more fruit, vegetables and fibre; less meat and limit salt intake [29, 30] . These differences in relationship to food choice, preparation and eating may lead to men and women having a different vocabulary and ease of expression when describing food and its tastes and smells.
Canadian studies of patients with heterogeneous cancer diagnoses in palliative care [6, 7] found that TSAs were associated with lower energy intakes and higher 6-month weight loss. The lung cancer patients in this study frequently described TSAs relating to reduced enjoyment of food and eating. Although not able to be fully tested within the scope of this study, these explorative data lead us to hypothesise that nutritional intakes decrease with increasing TSS scores. On average, patients had lost weight over 6 months prior to the interview with greatest losses in patients reporting both TSAs and loss of appetite, which may indicate that patients with multiple symptoms are at greater risk of weight loss.
Malnutrition with involuntary loss of weight and muscle mass are cancer-related problems associated with impaired treatment outcomes, treatment toxicity, increased risk of complications and reduced survival [31] [32] [33] [34] . Recommended energy requirements of patients with cancer are estimated at 30-35 kcal/kg/day for ambulatory patients [35] . Minimum recommended protein requirements are estimated at 1 g/kg/day [35] . Patients completing food diaries in this study had calculated mean energy intakes below these recommended levels, although mean protein intakes met minimum recommended intakes. In food record studies, underreporting is a common form of respondent bias. Although not as prevalent, over reporting also occurs [36] , and this patient group may over report in an attempt to give a more favourable impression of declining food intakes. Not all patients completed food diaries, and the slightly lower response frequency from the TSAs group may be due to a higher symptom burden affecting their ability to carry out the task.
As previously noted, healthcare staff in the clinical cancer care setting do not focus on TSAs as much as other symptoms citing a need for evidence-based guidelines to improve management of TSAs [19] . Tishelman [37] has hypothesised that problems may be more readily legitimised by patients and staff if there are strategies available to deal with them. Corner and Bailey [38] consider it important that healthcare staff focus on helping the patient articulate and interpret the meaning of problems and show acceptance of patients' experiences. This can be a way of developing strategies for management of problems. Characteristics of TSAs and interaction with other symptoms present important challenges for healthcare staff in the nutritional care of this patient group. Helping patients to describe TSAs may be benefited by a common terminology so that characteristics can be identified and differentiated from other symptoms as management strategies may vary.
There are a number of strengths and limitations in this study. Patients are comparable with the lung cancer population in Stockholm regarding age [23] but differ in that we have a slightly higher proportion of women in our sample (55 %). A higher proportion of patients were classified as stages I-II lung cancer (38 %) and proportionately fewer classified as stage IV (34 %) than in the lung cancer register statistics for Sweden [23] . Patients selected for this study therefore represent a 'healthier' sample of those affected by this serious disease.
Data was obtained through face-to-face interviews, which has the advantage of improving response rate and reducing misunderstandings. However communication between interviewer and respondent may affect responses [39] and interview bias may occur if the respondent seeks to satisfy the interviewer with responses [40] .
It should be noted that although the sample size of characteristic groups are small, we found statistically significant results. The strength of this study in comparison to other studies of TSAs in cancer is that we investigate TSAs when most severe in a sample representing the wide variety of treatment trajectories in the clinical care of patients with lung cancer rather than assess TSAs in relation to treatment. This design enabled us to gain a deeper understanding of the characteristics of TSAs when most severe.
Conclusion
Our results contribute important information regarding characteristics of TSAs when most pronounced during the study period after start of treatment for lung cancer. The variations in characteristics reported and the complex interplay with other symptoms may contribute to the difficulty healthcare staff have in focusing on TSAs, indicating that a screening method to differentiate between characteristics of TSAs and other symptoms may be required to facilitate symptom specific advice. Gender differences in reported TSAs may highlight a need to investigate the vocabulary and approaches used for identification and management of TSAs in men and women. Patients reported TSAs impacting on food enjoyment and the hypothesis that patients with higher TSS scores have lower nutritional intakes should be followed up with a larger study investigating TSAs and nutritional intake and status in the lung cancer population.
